Keywords: nitrofurantoin older patients urinary tract infections urinary tract prophylaxis a b s t r a c t Purpose: To review the current literature on reported pulmonary, liver, and nerve adverse reactions (ARs) of long-term Nitrofurantoin (NF) suppression in older patients treated for urinary tract infections (UTIs). Materials and methods: An extensive literature search was performed on PubMed for the search terms "Nitrofurantoin," and "Nitrofurantoin and lung, pulmonary, liver, nerve or ARs". Relevant cited papers were also analyzed. Articles not in English, or related to children, or pregnant women were excluded. Results: In 43 articles and other texts meeting the inclusion criteria from 1968 to 2014, rates of long-term NF-related pulmonary ARs compared to total NF prescriptions differed worldwide, but remained extremely small at 0.001% (USA) and 0.001% for pulmonary and hepatic ARs (France). Among all NF ARs, rates of pulmonary ARs differed across the literature from 2% (UK), 3% (Holland), 5% (Sweden), to 7% (Australia). Nerve ARs were reported as .0007% and liver ARs as .0003% of total prescriptions Conclusions: Pulmonary, nerve, or liver ARs resulting from long-term NF prophylaxis in older patients treated for UTIs are potentially serious but extremely rare, and should not deter from the cautious use of NF in this population.
Introduction
The management of recurrent urinary tract infections in women tends to be challenging and can be influenced by age, renal function, the mode of recurrencednamely persistence (same bacteria) or reinfection (different bacteria), antibiotic allergies, and strain resistance to some antibiotics. Antibiotic resistance is a growing concern, especially for certain classes of antibiotics such as fluoroquinolones.
Nitrofurantoin (NF) has been the focus of much attention lately, in part due to the recommendations for its use outlined in the Beers criteria. In 2003, the first set of Beers criteria alerted the public to the dangers of NF in older adults because of the "potential for renal impairment" with a high level of severity rating. 1 In 2012, the Beers criteria update expert panel included NF on a list of drugs potentially inappropriate to use in older adults. This time the focus was on "potential for pulmonary toxicity," with a quality of evidence rated as moderate, and a strong strength of recommendation. 2 The 2012 Beers document emphasized three additional points: (1) avoid in patients with renal impairment (creatinine clearance < 60 mL/min); (2) safer alternatives are available; and (3) avoid for long-term suppression. 2 For practitioners, these 2012 recommendations prompted additional justification to reassure concerned patients already on NF suppression. Health insurance providers also circulated notifications to physicians prescribing NF to encourage them to reconsider their decision and change to other therapies. Subsequently, the Beers 2015 recommendations were issued, 3 followed very recently by a special American Urological Association white paper on this matter to revisit the intended purpose of the Beers criteria. 4 In this context, our goal was not to reconsider the wellestablished recommendations to avoid NF in older adults with renal impairment, 3 but instead to focus on the available literature data regarding NF adverse reactions (ARs), with a special emphasis on pulmonary, liver, and nerve toxicity in order to better communicate these risks to older women and to assist in their regular monitoring.
Materials and methods
An extensive literature search was performed on PubMed for the search terms "Nitrofurantoin," and "Nitrofurantoin and lung, pulmonary, liver, or nerves, or ARs." Relevant cited reviews were also analyzed. Articles not in English, or related to children or pregnant women were excluded. Four datasets were queried: ARs versus prescriptions of NF, ARs alone, retrospective and prospective studies, and tallying of case study reports in older women. As a general comment, most datasets did not provide a separate analysis of sex involvement, and thus, although not always clearly established in reports, the majority of data reviewed were for women. To determine the impact of age on pulmonary ARs, a case study subanalysis was performed in affected women using age 65 years as a traditional cut-off for older adults.
Results
The following results were extracted from 43 articles and other texts meeting our inclusion criteria from 1968 to 2014.
Lung toxicity and avoidance of NF for long-term suppression
This result section includes data primarily on lung toxicity as it is the most commonly involved organ. The data are presented in four sections including: ARs, retrospective and prospective series, and case series (Appendix 1).
Spectrum of pulmonary adverse reactions
Pulmonary ARs are typically divided into acute and chronic reactions. The acute reactions are more common and the development of one does not appear to increase one's risk for the other reaction. 5, 6 Acute pulmonary reactions appear within days of starting the medication. 7 Patients typically report respiratory and constitutional symptoms. Rash and eosinophilia are also common. If the drug is stopped complete resolution is the norm; however, if not, the reactions can become severe and progress to acute respiratory distress syndrome. 8 Rechallenge virtually always causes a relapse and is not recommended. In contrast, the chronic ARs appear months to years after drug initiation. Persistent cough and dyspnea are the primary symptoms. 9 A large variety of interstitial lung disease patterns have been reported including nonspecific interstitial pneumonia, desquamative interstitial pneumonia, organizing pneumonia, and eosinophilic pneumonia. 10 Drug cessation is necessary for all and corticosteroids may be of value for severe disease or disease that progresses despite removal of the NF. Residual disease is common despite the above measures.
AR reporting compared to total NF prescriptions
Two large scale studies compared the number of reported chronic ARs of NF to the total number of prescriptions of NF. The first large dataset (1953e1984) was reported by D'Arcy 11 based on adverse reports to the drug manufacturer, Norwich Eaton Pharmaceuticals, Norwich, New York, USA, in which the rates of reported ARs in a study encompassing 121,430,000 courses of treatment were tallied. 10 Pulmonary reactions were reported in 0.0002% courses of treatment, liver reactions in 0.0003% of courses, neuropathy in 0.0007% of courses, and blood dyscrasias in 0.0004% of courses, totaling 0.001% in chronic, severe complications.
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Notably, of all the chronic side effects, pulmonary reactions were the least frequent, despite being the reason stated in the Beers 2012 criteria for warning against NF. Another study analyzing NF prescriptions in France in 2010 compiled 261,000 prescriptions of NF, with an estimated 1500e2500 prescriptions for treatment > 4 months. 12 They estimated that chronic pulmonary or hepatic reactions occur in one out of every 517e862 prescriptions, or 2.9 cases/y. Meanwhile, the French Committee on Drug Monitoring reported "severe ARs," mainly pulmonary or hepatic for NF, with a frequency of 1/20,551 NF prescriptions (0.0049%). 13 This frequency increased with treatment duration: from 1 case/24,800 for shortterm prescriptions (1 month) to 1 case/7666 for long-term prescriptions (>1 month). These two studies indicated that reactions to chronic NF remained very low when compared with the amount of prescriptions of NF. in Sweden, in which reports to the Swedish Adverse Drug Reaction Committee were analyzed. Out of 447 pulmonary AR reports, 49 were due to chronic NF intake, 41 of whom were on therapy for 10 months to >65 months. Approximately three quarters of the patients required hospitalization because of an adverse pulmonary reaction. The median age of the women on long-term therapy was 58 years, suggesting that younger women are equally susceptible to the chronic side effects of NF as older women are. The second study from Australia focused on adverse outcome reporting without comparison to the amount of prescriptions. By 2004, the Australian Adverse Drug Reactions Advisory Committee received a total of 576 adverse reports. 15 Of these 142 were pulmonary ARs, 40 of which were chronic NF-induced pulmonary AR reports. Older women (median > 70 years) were the predominantly affected demographic group. 15 These authors and others have postulated this may reflect usage of NF. 15, 16 Time of onset of the AR ranged from 8 months to 16 years. Of the 40 patients with chronic pulmonary toxicity, 12 patients recovered and two patients died.
The remainder had persistent lung damage. This study illustrated the unpredictable onset and rarity of pulmonary damage.
Retrospective studies
Two large retrospective studies focused on pulmonary ARs. In the first retrospective study from 1989, Jick et al 17 identified 742
long-time users and 16,101 patients with first courses of treatment of NF, and compared their hospitalization rates. In the group of long-time users, only one man aged 65 years was hospitalized for dyspnea (one women aged 89 years was hospitalized for possible NF-induced pulmonary AR), and acute pulmonary toxicity occurred three times (women aged 46 years, 49 years, and 75 years). This rate of 0.27% of patients on long-term NF therapy suffering from a pulmonary complication is extremely low. Although women are noted throughout literature to be more susceptible to NF complications, only one woman from this study had a long-term complication. This is remarkable given that the majority of NF prescriptions were for women. A second retrospective study from 1997 to 2002 by the Mayo Clinic identified 18 patients with chronic pulmonary ARs (17 women, six previous smokers) aged 47e90 years (median 72) who used NF prophylactically. 18 These patients were receiving a median dosage of 100 mg NF, and their median onset of symptoms was 23 months, with a median of 4 months of symptoms before diagnosis. One patient died of pneumonia complications 5 months later, and one patient did not improve even after 5-years post-NF discontinuation. The remainder improved but half required corticosteroid therapy. Residual abnormalities persisted in 14 patients and only three had complete resolution. This is a significant rate of morbidity and mortality within a group already known to have NF-induced pulmonary problems, but appears very small when compared with all the patients placed on NF prophylaxis. Interestingly, resolution of pulmonary ARs were found to correlate neither with length of NF usage nor with duration of pulmonary symptoms. female patients aged 9e89 years who had planned to be on 1 year of NF therapy at various dosages (average of 9.9 months). Although 46% of patients reported a reaction with NF at an average of 9.9 months, only one patient reported a serious complication (peripheral neuropathy), and older patients (>65 years) were as likely to have an AR as younger patients.
Prospective studies

AR case studies related to pulmonary damage
The case study literature yielded 17 case reports from 1968 to 2014 that detailed pulmonary ARs related to chronic use of NF in older women (N ¼ 25). Patient data from these reports are provided in Appendix 1. The age results of this compilation are detailed in Figure 1 . Treatment duration ranged from 9 months to 7 years, cessation of NF after symptom onset ranged from 2 weeks to >4 years, and dosage also varied from 50 mg to 300 mg. Once NF was discontinued and corrective treatment implemented, this review of case studies indicated that these pulmonary ARs tended to be at least partially reversible. One patient died possibly as a result of isoniazid, while another had a right bundle branch block, with a total of three deaths in this cohort. 20, 21 
Liver toxicity
Hepatic damage due to NF varies widely, from granulomatous lesions, cirrhosis, liver necrosis, to chronic active hepatitis. 22 Overall incidence for hepatic damage attributed to both long-and short-term NF has been reported to be 0.02e0.035%, and may be due to immunoallergic idiosyncrasy. 22 The diagnosis of NF-induced hepatic reactions is a diagnosis of exclusion, which is substantiated upon resolution of symptoms once NF has been discontinued. 22 The only way to confirm NF related hepatic reactions is by rechallenge, which is contraindicated given its potential for adverse outcomes. 23 To add to the complexity of reactions to chronic NF use, liver and pulmonary reactions may present together. 24 Thus, if a patient presents with multiple systemic symptoms, NF toxicity should still be considered.
AR reporting
One retrospective study by Stricker et al 25 from the Netherlands analyzed 52 reports of NF-induced hepatic ARs to the Netherlands Center for Monitoring Adverse Reactions from 1963 to 1987. Thirteen (12 women) reports were due to "chronic" effects. Thirty-eight reports were likely due to NF, of which 13 were due to chronic effects, and 85% were for patients aged > 65 years. Also, the incidence for adverse hepatic reactions (chronic and acute) for women aged > 64 years was 47%, with 18.4% of prescriptions going to that same age group. This study does indicate that older women are more likely to suffer from an adverse liver reaction when exposed to NF for a long time.
Case reports
Individual case reports of hepatic effects due to chronic NF were not compiled due to the comprehensive case study analysis recently published by Sakaan et al. 23 The dataset from this paper was screened for older women on long-term (> 3 months) therapy with NF and analyzed. Seventeen out of 33 patients (51.5%) were aged < 65 years when they had a chronic liver reaction to NF. From these data, older and younger women appeared to be equally at risk for liver toxicity with chronic NF intake. Most patients' symptoms (jaundice, hepatomegaly, malaise) resolved after discontinuing NF, and in some cases, with the addition of cortisol treatment. However one patient (aged 33 years) needed a liver transplant and seven died, of whom two were children and the others were 47e59 years of age.
Nerve toxicity
Peripheral neuropathy is one of the chronic adverse reactions of long-term NF use. No retrospective studies focusing on nerve adverse reactions to chronic NF therapy were found.
Case reports
The last case report analysis on NF-induced polyneuropathy was performed by Toole and Parrish 26 in 1973. They reviewed 137 cases of NF-induced polyneuropathy, 100 of which were followed-up long term, and 10 of which had treatments longer than 90 days. Of those 100 patients, 34% made a complete recovery, 45% a partial recovery, 13% showed no improvement, and 8% died. Recovery usually occurred within a few days to several months after NF was discontinued. However, these data include patients both on longand short-term NF, and the age data were not provided. Most case studies were reported in the 1960s to the 1980s, and this review presents available recent reports. Tan et al  27 chronicled two women, aged 59 years and 53 years, who were on long-term NF suppression and suffered general dysesthesias and pelvic pain, respectively. The first woman remained symptomatic 3 years after discontinuation of NF, and the second woman's symptoms improved. Yiannikas et al 28 reported on a 71-year-old woman on NF therapy for almost 1 year who developed paresthesia of her hands and feet along with decreased deep tendon reflexes. None of these three patients discussed had other causes of neuropathy such as diabetes.
Discussion
In this review, we carefully studied all adverse events reported with NF so that the practicing physician can be aware of the available literature on this topic when discussing risks of long-term NF exposure with his/her older patients. Several observations were made for lung toxicity including the importance of early recognition of persistent cough and dyspnea with subsequent discontinuation of NF. Recovery from pulmonary ARs depends on the type of pulmonary reaction, how soon NF was discontinued after the presentation of symptoms, and the degree of symptom severity. As a result, this review suffers from under-reporting of all NF-related ARs. However, even if only one out of every 100 pulmonary ARs is reported, the rate of pulmonary ARs would still be very low. Only a registry could keep track of these events in a longitudinal study. Such an effort may be necessary to better delineate the real risks of using NF in a long-term chronic fashion.
The rates of liver and nerve toxicity are even less frequent than lung toxicity. Nonetheless, it is appropriate for the physician to monitor their patients on long-term NF prophylaxis, and consider "regular monitoring" with inquiries on peripheral neuropathy symptoms and possible liver function tests. 29 The combined worldwide experience with chronic NF therapy remains modest at best in establishing the rates of ARs for older patients. There is sufficient information to call attention to ARs, but it appears that large-scale and long-term prospective studies are still needed. For the practicing urologist, NF remains a good treatment option in the acute setting of urinary tract infection with an adequate renal function. It is important to be acquainted with the Beers criteria 4 and exercise caution and proper monitoring 29 in the long-term use of NF for antibiotic suppression in the individualized care of older adults.
Conclusion
The currently reported rates of pulmonary, hepatic, and nerve ARs related to the long-term use of NF remain very small. Although pulmonary, nerve, or liver ARs resulting from long-term NF prophylaxis in older patients treated for urinary tract infections are potentially serious, they should not deter from the cautious use of NF in this population.
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Appendix 1
Pulmonary AR case studies related to chronic use of nitrofurantoin in older women. 
